Background/Aims: Frailty and depression both contribute to malnutrition and adverse clinical outcome of peritoneal dialysis (PD) patients. However, their interaction is incompletely defined. Methods: We studied 178 adult Chinese PD patients. Physical frailty was assessed by a validated in-house questionnaire; depressive symptoms was screened by the Geriatric Depression Scale; nutritional status was determined by subjective global assessment (SGA) and malnutrition inflammation score (MIS). All patients were followed for up to 24 months for survival and hospitalization analysis. Results: There were 111 patients (62.4%) physically frail, amongst those 48 (43.2%) had depressive symptoms. Only 1 patient had depressive symptoms without frailty. There was an additive effect of depressive symptoms and physical frailty on nutritional status. For the groups with no frailty, frail but no depressive symptoms, and frail with depressive symptoms, serum albumin decreased in a stepwise manner (35.8 ± 5.6, 34.9 ± 4.4, and 32.9 ± 5.3 g/L, respectively, p=0.025); overall SGA score was 5.75 ± 0.61, 5.41 ± 0.59, and 5.04 ± 0.77, respectively (p<0.0001), and MIS was 5.12 ± 2.30, 7.13 ± 3.22, and 9.48 ± 3.97, respectively (p<0.0001). At 24 months, patient survival was 86.6%, 71.4%, and 62.5% for patients with no frailty, frail but no depressive symptoms, and frail with depressive symptoms, respective (p=0.001). The median number of hospital stay was 8.04 (inter-quartile range ) days per year of follow up, respectively (p<0.0001). Conclusion: Physical frailty and depressive
Introduction
The number of peritoneal dialysis (PD) patient is growing quickly around the world [1] . Although the overall survival of PD patients improved substantially in the past decades [2] , PD patients nowadays often have multiple comorbid diseases and represent a heavy burden to the health care system [3] .
In addition to organ-system specific comorbid diseases, it is increasingly recognized that physical frailty, depression, and cognitive impairment are important contributing factors to the adverse clinical outcome of chronic kidney disease (CKD) and dialysis patients [4, 5] . Frailty is defined as a clinically recognizable state of increased vulnerability resulting from aging-associated decline in reserve and function across multiple physiologic systems, such that the ability to cope with every day or acute stressors is comprised [6] . Traditionally, frailty refers to a clinical syndrome involving unintentional weight loss, self-reported exhaustion, weakness, slow walking speed, and low physical activity [7] . It is present in around 35% of hemodialysis patients [8] and, regardless of age, frailty is a strong independent predictor of mortality and number of hospitalizations [8, 9] . Cognitive impairment is present in over 20% of dialysis patients [9, 10] , and is associated with increased risks of mortality and adverse clinical outcome [9, 11] . Similarly, depressive symptoms are present in over 50% of PD patients [10] and is associated with excessive morality and represents a risk factor of peritonitis [12, 13] .
Physical frailty, depression, and cognitive impairment are inter-linked. Cognitive impairment is often taken as an intrinsic domain of frailty [14] . In adult incident hemodialysis patients, frailty is associated with cognitive problems [15] . A number of underlying factors, such as vascular changes, inflammation, insulin resistance, and nutrition, contribute to the development of both physical frailty and cognitive impairment, and represent the underlying mechanisms behind this link [14] . Furthermore, physical frailty is also associated with new onset cognitive impairment in community-based elderly persons [16] , and a causative role has been proposed [17] . On the other hand, depression is sometimes difficult to be discerned from frailty in the elderly. In community-dwelling people, depression and frailty are independent and probably additive risk factors for mortality and other adverse health outcomes [18] [19] [20] . A recent systematic review reported a consistent relationship between depression and new onset physical frailty [21] . Similarly, depression has been reported to be closely associated with cognitive impairment in PD patients [10] . However, the intricate three-way internal relationship between frailty, depression, and cognitive impairment remains incompletely defined. Herein we present a prospective study that aims to dissect the internal relationship between frailty and depression, and their contribution to malnutrition and adverse clinical outcome in Chinese PD patients.
Materials and Methods

Patient selection
This study was approved by the Joint Chinese University Hong Kong-New Territories East Cluster Clinical Research Ethics Committee. All procedures were in adherence to the Declaration of Helsinki. We recruited 178 adult Chinese PD patients from the dialysis clinic of our hospital from April to May 2013. We excluded patients who were unlikely to survive for 6 months, who were planned to have elective living donor kidney transplant or transfer to other renal centers within 6 months. Nutritional status and dialysis adequacy were assessed at the same time. Baseline clinical and laboratory data were obtained by chart review. The severity of comorbidity load was quantified by the modified Charlson's Comorbidity Index as previously described [22] .
Assessment of frailty, depression, and cognitive impairment
After informed consent, physical frailty, depressive symptoms and cognitive function were assessed by standard instruments as described previously [23] [24] [25] . Briefly, frailty was assessed by an in-house Chinese questionnaire that was validated by our group. The frailty questionnaire consists of 30 dichotomous questions that covers various aspects of physical functioning and self-care capability [23] . In this questionnaire, physical frailty was defined as a score of 6 or above [23] .
Depressive symptoms were screened by a validated Chinese version of the Geriatric Depression Scale (GDS) [24] , which is a standardized self-reported questionnaire that consists of 15 dichotomous items. For GDS, substantial depressive symptom was defined as a score 8 or above. Cognitive impairment was assessed by a validated Chinese version of the Abbreviated Mental Test (AMT), which is a standardized questionnaire that consists of 10 dichotomized items [25] . For AMT, cognitive impairment was defined as a score of 7 or below.
Assessment of nutrition and dialysis adequacy
Dialysis adequacy and residual glomerular filtration rate (GFR) was assessed by 24-hour urine and dialysate collection [26] . Nutritional status was represented by serum albumin level, subjective global assessment (SGA), comprehensive malnutrition-inflammation score (MIS), and normalized protein nitrogen appearance (NPNA). For SGA, the 4-item 7-point scoring system validated in PD patients was used [27] . The calculation of MIS was described previously [28] . Briefly, MIS consists of 4 main parts and 10 components, all scored from 0 (normal) to 3 (very severe). The total score ranged from 0 to 30. NPNA was calculated by the modified Bergstrom's formula [29] .
Body composition
The method of determining body composition by bioimpedance spectroscopy has been described previously [30] . Briefly, electrodes were attached to one hand and one foot with the patient in a supine position. After patient cable was connected, the measurement would complete automatically in 2 minutes. In the present study, we computed the following parameters: extracellular water (ECW), lean tissue mass, adipose tissue mass, and volume of over hydration.
Clinical outcome
All patients were followed for up to 24 months. The clinical management was decided by individual clinician and not affected by the study. We determined patient survival and technique survival. Technique failure was defined as transfer to chronic hemodialysis because Hong Kong practices the "PD-first" policy, and patients would only be transferred to chronic hemodialysis if PD fails [31] . Kidney transplant was censored for technique survival analysis. Censoring events for technique survival include recovery of renal function, loss to follow up, or transfer to other dialysis centers. We also determined the number of hospital admission and duration of hospitalization during the study period.
Statistical analysis
Statistical analysis was performed by SPSS for Windows software version 18.0 (SPSS Inc., Chicago, IL). Data were expressed as means ± SD, except that data on hospitalization were expressed as median (inter-quartile range [IQR]) as they were highly skewed. Data were compared by Student's t test, Chi square test or Kruskal Wallis test as appropriate. Since cognitive impairment was found to be uncommon in our cohort, and most patients with depressive symptoms were also physically frail, we divided the patients into 3 groups for further analysis: no frailty, frail but no depressive symptoms, and frail with depressive symptoms. As the data on hospital admission and duration of hospitalization are highly skewed, they were compared between groups by the Mann Whitney U test. Survival data are presented in the Kaplan Meier plot and compared between groups by log rank test. A value of p < 0.05 was considered statistically significant. All probabilities were two-tailed.
Results
We studied 178 patients; 111 (62.4%) were physically frail, 49 (27.5%) had depressive symptoms, and 14 (7.9%) had cognitive impairment. There was substantial overlap amongst these 3 groups of patients (Fig. 1) . Their baseline clinical and demographic data are summarized and compared in Table 1 .
Nutritional status
The baseline biochemical and nutritional data are summarized and compared in Table 2 . In essence, frail patients were older, were dialyzed longer, had higher Charlson's comorbidity score, lower residual GFR, and worse nutritional status (i.e. lower SGA score and higher MIS) than other patients (see Tables 1 and 2 ). Bioimpedance spectroscopy showed that although patients with and without frailty had similar body weight, frail patients had lower lean tissue mass but higher adipose tissue mass than the others (see Table 2 ).
Similarly, patients with cognitive impairment were older, had higher Charlson's comorbidity score, and higher MIS than those without (see Tables 1 and  2 ). Bioimpedance spectroscopy also showed that patients with cognitive impairment had lower lean tissue mass but higher adipose tissue mass than the others (see Table 2 ).
On the other hand, patients with depressive symptoms had lower serum albumin and worse nutritional status (i.e. lower SGA score and higher MIS) than those without (Table 2) . Patients with depressive symptoms also had more overhydration as revealed by bioimpedance spectroscopy, although their lean tissue mass and adipose tissue mass were similar to those without depression ( Table 2) . 
Additive effects of frailty and depressive symptoms
Amongst the 111 patients with physical frailty, 48 (43.2%) also had depressive symptoms, while most patients with depressive symptoms were also physically frail. We therefore divided the patients into 3 groups for further analysis: no frailty, frail but no depressive symptoms, and frail with depressive symptoms. Their nutritional status are summarized and compared in Table 3 . In essence, there was an additive adverse effect of depressive symptoms and physical frailty on nutritional status in terms of serum albumin level, SGA score (and all its sub-scores), and MIS (and all its sub-scores except comorbidity and body mass index) (Fig. 2) . The effect on NPNA did not reach statistical significance.
Clinical outcome
The patients were followed for 21.7 ± 8.0 months. During this period, 53 patients died. The causes of death were cardiovascular disease (20 cases), cerebrovascular diseases (3 cases), peritonitis (3 cases), non-peritonitis infections (19 cases), malignancy (1 case), liver cirrhosis (1 case), and termination of dialysis (1 case). During the same period, 9 patients were converted to long term hemodialysis, and 5 patients had kidney transplantation. Both patient survival and technique survival showed stepwise decrease for patients with no frailty, frail but no depressive symptoms, and frail with depressive symptoms. At 24 months, patient survival was 86.6%, 71.4%, and 62.5% for the 3 groups respective (log rank test, p = 0.001), while the corresponding technique survival was 86.3%, 64.2%, and 57.5% (p = 0.001) (Fig. 3) .
During the same period, there were 751 hospital admissions for a total of 6418 days. Hospitalization also increased in a stepwise manner for patients with no frailty, frail but no depressive symptoms, and frail with depressive symptoms. The median number of hospital admission was 0.90 (IQR 0.44 -2.06), 2.12 (IQR 0.91 -3.74), and 3.31 (IQR 1.54 and 6.83) per year of follow up for the 3 groups respectively (p < 0.0001) (Fig. 4) . Similarly, the median (Fig. 4) .
Discussion
In the present study, we find that physical frailty, depressive symptoms, and cognitive impairment are all associated with a worse nutritional status in Chinese PD patients. More importantly, our result indicates that depressive symptoms and physical frailty have additive adverse effect on the nutritional status and clinical outcome in this group of patients.
Our findings are consistent with previous reports but provide new insight to the interaction between physical frailty and depression in dialysis patients. In the non-dialysis elderly general population, depression and frailty are additive risk factors for mortality and other adverse health outcomes [18] [19] [20] . In previous studies on dialysis patients, physical frailty [6, 7] and depression [12, 13] have each been shown to be associated with adverse clinical outcomes. Our results show that their effects in PD patients are also additive.
The prevalence of physical frailty in our PD population is similar to the published literature. For example, previous studies found that physical frailty is present in around 35% to 50% of hemodialysis patients [8, 32] and over 60% of PD patients [23] , which are similar to the prevalence of 62% in our present study. On the other hand, the prevalence of depression and cognitive impairment are considerably lower in our present study than previous ones. Notably, depressive symptoms are present in 27.5% patients in this study, but in over 50% of Chinese PD patients in previous reports [10, 33] . Similarly, cognitive impairment is present in over 20% of patients receiving hemodialysis [9] as well as PD [10] , but is less than 8% in the present study. The cause of this discrepancy in prevalence is unknown, but may reflect the difference in background comorbidity load and eligibility criteria of dialysis across different countries. The implication is one should be cautious to extrapolate our result to other patient population. Moreover, since the prevalence of cognitive impairment is low in our cohort, we study does not have sufficient power to determine any interaction between cognitive impairment and physical frailty or depressive symptoms.
Our result also highlights the delicate difference in body composition between PD patients with and without physical frailty, and the problem of using body weight as a marker of malnutrition. Specifically, although the crude body weight was similar between patients with and without physical frailty, the former group had significantly lower lean tissue mass but higher adipose tissue mass (Table 2) , indicating concomitant muscle atrophy and accumulation of body fat due to the lack of physical activity. Previous study showed that frailty exacerbates protein catabolism and loss of muscle mass [34] , which is related to the cardiovascular and overall mortality in the elderly population [35] . To the best of our knowledge, alterations of adipose tissue mass in frail elderly patients have not been reported previously. Our results show that the loss of muscle mass in frail PD patients is often masked by the increase in body fat.
There are several inadequacies of our study. Although our sample size was considerable, we had only one baseline assessment for the presence of physical frailty, depressive symptoms, cognitive impairment, or nutritional status. As a result, we cannot determine whether there is any temporal relationship between physical frailty and depressive symptoms, or whether they would cause progressive worsening of nutritional status or body composition. In this regard, a recent systematic review found a consistent relationship between depression and new onset physical frailty [21] , and frailty is associated with the progressive loss of muscle mass in patients without renal disease [34] . Further studies are needed to determine the effect of physical frailty and depressive symptoms on the longitudinal change in nutritional status and body composition in PD patients.
We did not perform sophisticated multivariate analysis to determine whether physical frailty and depressive symptoms independently contribute to malnutrition. In addition, we could not ascertain whether physical frailty and depressive symptoms are directly responsible for the adverse clinical outcome (i.e. excessive mortality and higher hospitalization rate), or that the adverse clinical outcomes were the result of malnutrition secondary to physical frailty and depressive symptoms. Further studies with much bigger sample size are needed to have the sufficient statistical power for a robust multivariate analysis that could discern the role of malnutrition in the adverse clinical outcomes associated with physical frailty and depressive symptoms, or whether therapeutic interventions (for example, physical training, anti-depressant drugs, or nutritional supplement) could improve the outcome of these patients. Notably, a recent study showed that physical training during dialysis, in the terms of both resistance and endurance training, is beneficial in reducing depressive symptoms of dialysis patients with end stage renal disease [36] .
Conclusion
We show that physical frailty and depressive symptoms are common in Chinese PD patients and they have additive adverse effect on the nutritional status and clinical outcome. Our results suggest that there are two groups of frail PD patients -those with and without depressive symptoms, and depressive symptoms are usually absent without frailty.
